Introduction
Accidents occur in any workplace. OHS and EHS personnel conduct risk assessments of various work environments and develop measures to prevent workplace incidents and illnesses. OHS personnel also provide immediate and follow-up care to employees injured on the job. Incidents in laboratories present unique challenges to OHS and EHS programs, due to the nature and concentration of the materials used in laboratories. Typical employee injuries in laboratories include muscle strain, ergonomic injuries, trip and fall injuries, animal bites, burns and cuts, and exposure to human blood or other potentially infectious materials (OPIM). To understand and address the challenges associated with providing OHS to research laboratories, the types of injuries and illnesses that can occur as a result of laboratory activities need to be understood.
Occupational injuries and illnesses result from exposure to hazards within the environment, the materials used, or the activities performed. The effects of exposure can be either acute or chronic. For example, an acid burn after exposure to hydrochloric acid has an acute effect, being apparent shortly after exposure, while photosensitization and dermatitis are chronic effects of repeated exposure to hydrochloric acid over time. Thus, a specific hazard may have either an acute or a chronic effect, or both.
The types of hazards that are present while conducting laboratory work vary greatly, dependent on the type of research being performed. However, most laboratory hazards fall into one of the following categories:
• Chemical: Laboratory research often involves the use of toxic, corrosive, or reactive chemicals. Exposure to one of these chemicals via inhalation, overt spills or splashes, or improper use of personal protective equipment (PPE) can lead to contamination of the skin and clothes, and the potential ingestion of the hazardous chemicals. In the United States, the Occupational Safety and Health Administration (OSHA) regulate chemical use in research.
• Biological: Laboratory research may involve the use of hazardous biological materials, such as human blood contaminated with bloodborne pathogens and OPIM. Researchers may be exposed to these materials via splash, splatter, inhalation, ingestion, or injection. In the United States, OSHA and/or the Centers for Disease Control and Prevention (CDC) may regulate or provide guidance for work with hazardous biological materials. In addition, biological research may involve the use of animals. Animals may cause scratches or bites, which are physical injuries; however, scratches and bites may also transmit diseases to humans. Another common occupational hazard associated with research animal use is the development of sensitivity or allergy to the animals.
• Physical: In addition to the hazards present in research materials and specimens, equipment, procedures, and the workplace environment also may pose hazards to workers. A laboratory activity may involve the use of blades, needles, glass, wires, and other sharp objects that can cause punctures or cuts. Equipment or processes may generate extreme heat or cold, high levels of noise, ultra-violet light or radiation, or present slip, trip, or fall hazards. Processes may require repetitive, percussive, or awkward movements or positions that could lead to physical strain or injury. In addition, any of these activities may be combined with biological or chemical hazards.
Federal regulators have provided guidelines for managing many of the aforementioned workplace hazards. The OSHA Laboratory Standard (29 CFR 1910 (29 CFR .1450 primarily on chemical hazards and provide labeling, training, and procedural requirements, including medical monitoring, exposure response, and reporting requirements. The Laboratory Standard requires facilities to have a Chemical Hygiene Plan (CHP), which must include the following:
• Criteria for reducing employee exposure to hazardous chemicals • The use of PPE • Requirements that ensure fume hoods and other protective equipment are functioning properly • Provisions for employee training • Circumstances requiring employer approval of certain laboratory operations, procedures, or activities before implementation • Provisions for medical consultation • Measures to protect employees from particularly hazardous substances • Assignment of a Chemical Hygiene Officer who is a qualified employee who, by training or experience, can provide technical guidance in developing and implementing the CHP.
Any facility where employees can reasonably be anticipated to have contact with human blood or OPIM is required to have an Exposure Control Plan (ECP) under the OSHA Bloodborne Pathogen Standard (29 CFR 1910 (29 CFR .1030 . The ECP must meet the following requirements:
• Is written specifically for the facility • Is updated annually to reflect changes to technology or new procedures • Identifies potential sources and routes of exposure • Outlines the use of PPE • Outlines medical surveillance and exposure response and reporting • Is readily available to all workers Laboratories may also have laboratory safety manuals that address safety issues associated with specific laboratory activities. Although studies have shown that including OHS in the development of these manuals gives OHS personnel a greater understanding of the actual hazards faced by laboratory employees and leaves them better prepared to respond to laboratory-related injuries or illnesses, the manuals are generally developed by EHS professionals with little to no input from OHS personnel (McNeely, 1991) . This can lead to an initial response to a laboratory injury from OHS personnel being delayed due to incomplete information about the nature of the injury.
The Role of OHS in Injury and Illness Management
OHS is a specialty field whose professionals have both clinical training and expertise in occupational health and safety. Occupational health nurses and physicians have a range of duties, including case management, counseling and crisis intervention, health promotion and risk reduction, legal and regulatory compliance, and workplace hazard detection (AAOHN, 2012) . In addition, Occupational Health Nursing (OHN) professionals have expertise in occupational health and diseases, insurance and worker's compensation, health and safety regulations, and recordkeeping (NSC, 1997) .
The management of worker's compensation claims is an important role of OHS programs. Approximately 1 trillion U.S. dollars are spent annually in employee health costs (AAOHN, 2012) . When an employee is injured in the laboratory, a prompt report with a follow-up investigation is important. Within many organizations, a claim is submitted using a centralized accident reporting system, and the EHS team performs an initial response and investigation of the occupational injury. In many instances, medical care is administered by OHS with follow-up, as warranted.
However, there are opportunities for improvement to these processes. Laboratories pose a unique challenge since they are dynamic environments, and because of this, preventing and investigating occupational injuries and illnesses are often difficult. Investigating incidents and collecting the necessary information must be done in a timely manner to provide care to those injured, as well as to help prevent future accidents. The accident investigation process should be standardized throughout the organization to ensure efficiency and to make employees aware of the necessity for prompt reporting so the investigation process can occur.
As stated previously, occupational hazards can be categorized as ergonomic injuries, slips/trips/falls, burns and cuts, and biological or OPIM exposures. The processes for investigating some of these types of injuries are more developed than others. Due to regulations that exist around chemical injuries (e.g., chemical spills, splashes to the eye) or biological/OPIM injuries (e.g., animal bites, needle-stick injuries), research institutions typically have comprehensive programs that focus on these types of injuries. In the event of a biological or chemical injury, both EHS and OHS often work together to investigate and document incidents. These types of incidents tend to be reported immediately after they occur, making investigation efficient and effective. Further, many organizations now have dedicated staff specializing in the prevention and study of ergonomic hazards. Biological issues can result from a known or an unknown exposure.
Slips/trips/falls (STF) account for approximately 95 million lost workdays per year in the United States, and result in one of the highest worker's compensation expenditures for employers ($20,000 average cost per accident) (EHS Today, 2013). Many organizations, however, fail to provide the needed attention to these injuries, causing many STF incidents to go unreported or without investigation. Within research settings, multiple opportunities exist for STF hazards to occur and many are not given proper attention by both EHS and OHS. Additionally, when an STF is reported, EHS professionals are often not involved. The injured employee most likely seeks medical attention from OHS, but a comprehensive investigation or follow-up is not completed. To prevent such injuries, EHS and OHS teams should partner to thoroughly investigate all STF incidents and ensure that proper follow-up is performed. EHS should inspect all areas of a facility and identify where STF hazards exist. Organizations should ensure that a centralized reporting system is in place and that employees are encouraged to www.absa.org Applied Biosafety Vol. 20, No. 4, 2015 report STF (and near misses) to both EHS and OHS.
Another role of OHS is to provide pre-employment screening and medical evaluations, such as administration of vaccines. OHS also provides respiratory medical clearance if an employee is required to wear respiratory protection. It is important that EHS has completed a workplace evaluation of respiratory hazards so that all employees who need respirators are identified, and that this information is shared with OHS. For example, EHS can provide OHS with a list of all job titles or departments that require employees to be medically cleared for a respirator, so new hires are properly evaluated before beginning work.
Many organizations have robust chemical and biological exposure investigation processes, but fall short with accident investigation and prevention. Both EHS and OHS play a critical role in developing programs that address STF and other physical injuries such as burns and cuts.
Accident Investigation Processes
To decrease injury and illness rates, organizations should have an injury and investigation Root Cause Analysis (RCA) program to identify and then mitigate the causes of work-related injuries and illnesses. Although the topic of injury and RCA programs could easily be another article in its own right, the authors have found the following tactics successful when setting up/improving an RCA program at large complex, academic and biomedical research laboratory facilities:
• Communicate with both upper management and principal investigators (PI) or department managers regarding work-related injury and illness reduction. Management must support an injury and illness RCA program so that employees take the process seriously and have a clear responsibility and the authority to partner with EHS and OHS to identify, implement, and track injury trends and corrective actions.
• Assure roles and responsibilities are clear for injury prevention efforts, data-collection and management, injury investigation processes, and establishing intervention strategies.
• Develop a process where case studies of common injury investigation RCAs are presented to laboratory groups on a routine basis (e.g., monthly). It is important that no employee be singled out in the case studies. Additionally, since employees who may have been involved in an incident are treated confidentially, the authors have found case studies of common injuries (e.g., animal bites, sharps, eye exposure) are an effective approach to communicate lessons learned.
• Design and implement tools for collecting data in a manner that allows for better identification of trends of injuries and for designing interventions to reduce the likeli-hood and severity of occupational injuries.
• Standardize data collection for each common type of injury in the workplace. Typically, the authors recommend "closed form" responses that are mutually exclusive so staff can be trained to select responses that are more repeatable.
• Develop quantifiable and attainable measures of success for the injury investigation RCA program. This may include better ways to identify and then track the effectiveness of common-cause interventions. For example, focus the planned common-cause interventions on the highest severity and most frequent injuries, then document the specific set of interventions and track the injury rate for a specified amount of time. By focusing on the highest severity and most frequent injuries, interventions with the most impact can be developed. This then allows for an informed decision when designing future interventions on the method and techniques that have been shown to be most successful.
OHS and EHS departments are committed to reducing occupational injuries. Working together and improving data collection, analysis, and design of interventions can have a positive impact on the injury rate, safety culture, and bottom line of an organization.
